ABSTRACT: Psidium myrsinites DC. is species known as "araçá", from the Cerrado (savanna) biome in Brazil. It is commonly used as a medicinal plant in the treatment of diarrhea because of its astringent properties. The aims of this study were to carry out phytochemical screening with an exploratory purpose; to investigate toxicity by brine shrimp (Artemia salina) lethality bioassay; and to evaluate antimicrobial activity against Gram-positive and Gram-negative bacteria by determining the minimum inhibitory concentration of the essential oil, acetonic and ethanolic crude extracts, and the fractions obtained with organic solvents of Psidium myrsinites DC. leaves. The phytochemical profile determined the major classes of secondary metabolites present as phenolic compounds (tannins, coumarins, flavonoids, anthraquinone glycosides and terpene compounds). The essential oil and hexane fraction demonstrated a level of strong and mild toxicity respectively, thus encouraging further research with isolated substances from them. The crude ethanolic and acetonic extracts, and hexane fractions, chloroform intermediary, ethyl acetate and aqueous fraction from crude acetonic extract showed the best inhibitory effect on bacterial growth of Gram-positive bacteria with minimum inhibitory concentrations ranging between 62.5 and 250 µg.mL -1 . However, the presence of secondary compounds such as tannins, flavonoids and terpenes is probably associated with the inhibitory effect on tested microorganisms, which could justify the medicinal use of the leaves of this species.
INTRODUCTION
The Myrtaceae family is worldwide considered one of the largest botanical families. According to Franzon et al. (2009) , it includes more than 4000 species in about 140 genera distributed around the world. Among all the genera of this family that include fruiting, four currently have economic importance: Eugenia, Acca, Myrciaria and Psidium.
The last one of these genera includes the species known in Brazil as "araçazeiros". In the Central West region of Brazil the following "araçá" species have been observed: Psidium laruotteanum Cambess., P. firmum O.Berg, Psidium guineense Sw, P. sartorianum, P. salutare (Kunth) O.Berg., and P. myrsinites DC. (FRAZON et al., 2009) . They occur in areas under conditions of constant abiotic stress, including water and extreme temperatures (COELHO et al., 2004) , a fact which, among other things, makes their fruits and leaves potentially rich in secondary metabolites, and thus they present different functional properties. Species rich in phenolic compounds, ascorbic acid and carotenes are often associated with important biological properties such as increased cellular protection against oxidation, antimicrobial and anticancer activities (MEDINA et al., 2011 ).
An ethnobotanical survey carried out by Campos (2010) reports that the inhabitants of urban areas, of rural settlements and of traditional "quilombolas" (communities of the descendants of freed or escaped slaves) in the Cerrado biome of Goiás state use the leaves and shoots of species of araçá to treat diarrhea. Data published by other authors reinforce the pharmacological potential of araçá leaves and fruits (FAUTH et al., 2002; MEDINA et al., 2011; VOSS-RECH et al., 2011; CORRÊA et al., 2011; OLIVEIRA et al., 2012; PATEL, 2012) .
Among the species mentioned above, Psidium myrsinites DC. is the subject of this investigation. Known popularly as "araçá", it is a fruit tree native to Brazil, in the form of a tree crown with branches and glabrous terminal buds. The trunk circumference is about 21 cm, gray or brown in color, smooth, with depressions that come off the trunk. Its leaves are simple, opposite, cross and elliptical. Some have visible laminar glands and are lighter on the underside, and exhale a pleasant smell when the leaves are crushed (SILVA JÚNIOR, Phytochemical study… DURÃES, E. R. B. et al. FRANZON et al., 2009 ). The fruits of P. myrsinites species are used in popular medicine for cicatrization and against diarrhea due to their astringent properties, and from the leaves is extracted an important substance for the cosmetics and perfume industry, linalool, used as a fixative. However, few studies have been carried out to validate the pharmacological activities and elucidate the chemical composition of this species (FRANZON et al., 2009) .
Biosci
In a study by Pereira (2010) , P. myrsinites is related with three possible chemotypes, and the results of that research indicate that the essential oils obtained from the leaves of this species present antimicrobial activity, mainly against Gram-positive lineages. In research by Dias (2015) , the essential oil of the leaves of this species presented larvicidal activity against the larvae of the mosquito Aedes aegypti L. Another recent study demonstrates antioxidant activity by the hydro-alcoholic extract of the leaves of this species .
In this context, the aim of this study was to perform exploratory phytochemical screening, to investigate the toxicity and antimicrobial activity of the Essential Oil (EO), Crude Acetonic Extract (CAE) and Crude Ethanolic Extract (CEE), and fractions of P. myrsinites leaves.
MATERIAL AND METHODS

Plant material
The leaf samples of P. myrsinites were collected in the city of Anápolis, state of Goiás, in three locations on the Campus de Ciências Exatas e Tecnológicas of the Universidade Estadual de Goiás (UEG) (latitude 16°22'54,336''S, longitude 48°56'44,628'' W 1130 meters of altitude, latitude 16°22'38,316''S, longitude 48°56'50,496''W, 1144 meters of altitude, latitude 16°22'38,316''S, longitude 48°56'50,820''W, 1091 meters above sea level) in January and February of 2015.
The leaves were air-dried at room temperature (20-25ºC) in a ventilated place for a week, ground into a powder and stored in a cool dry place. Three samples of plant material in voucher specimen were identified by Professor Mirley Luciene Santos and deposited in the herbarium of this institution under HUEG10046, HUEG10047 and HUEG10048 records.
Essential oil
The extraction of the essential oil of P. myrsinites leaves was performed by hydrodistillation method with Clevenger-type apparatus in approximately 200g of desiccated and powdered plant material, kept for two hours. The essential oil obtained was dried over anhydrous sodium sulphate and stored under N 2 in amber glass bottle, tightly sealed, at -20°C.
The essential oil was subjected to analysis by gas chromatography coupled to mass spectrometry (GC/MS) in Shimadzu QP5050A equipment at the Institute of Chemistry of the Universidade Federal de Goiás. A capillary column of fused silica was used (CBP -5; 30m x 0.25mm x 0.25µm), maintaining a flow rate of 1 mL/min of helium as carrier gas, heating with programmed temperature (60°C/2min; 3°C min -1 /240°C, 10°C min -1 /280°C 280°C/10min), and ionization energy of 70 eV. The injection volume was 1µL of diluted sample in CH 2 Cl 2 in a ratio of 1:5.
The chemical components of the essential oils were identified by comparing their mass spectra and arithmetic contents to the literature (ADAMS, 2007) . Co-injection of a series of alkanes from 9 to 32 carbons for use in the calculation of the arithmetic index according to the Van der Dool and Kratz (1963) equation was performed.
Extracts and fractions
Acetonic Extract
The CAE was prepared by maceration method using 500g of powdered plant material in 8 liters of acetone/water 50% for Unique ultrasonic bath -Ultrasonic Cleaner with heating at 25°C in 8 sequential extractions of 30 minutes each followed by simple filtration with cotton. The acetonic extract was submitted to roto-evaporation in order to remove the solvent and the aqueous part stored at -20°C (CHAIBUB, 2013) .
Fractions were obtained from the partition of the aqueous extract with ethyl acetate in a separatory funnel. The solvent was recovered and the aqueous fractions combined and lyophilized giving a yield of 36.93 g.
Ethanolic Extract
The CEE was obtained by extraction of powdered leaves of P. myrsinites (1000g) with ethanol P.A. in percolator until the saturation of the solvent (approximately 8 liters). The ethanolic extract was submitted to roto-evaporation in order to remove the solvent at 40°C.
Fractions were obtained from 50g of the dried crude ethanolic extract solubilized in 250 mL of methanol:water (7:3) with organic solvents of increasing polarity; the solubilized extract was treated three times, using 100 mL portions with each solvent, first with hexane, chloroform and finally ethyl acetate.
The samples were concentrated using a rotary evaporation and stored at -20°C. Partitioned extracts, after drying, were weighed and the yields calculated for obtaining the hexane fraction 5.3g (5.3%), 0.9g chloroform fraction (0.9%), ethyl acetate fraction 5.6g (5.6%). Upon partition with chloroform a third phase was observed in the separating funnel, and this probably corresponded to complex substances with a more apolar portion similar to the chloroform, while the other, more polar, was the aqueous part. Therefore, this phase was collected and called Intermediate of chloroform, which obtained a yield of 3.6g (3.6%).
Preliminary phytochemical analysis
The phytochemical screening was done according to the proposed methodology adapted from Costa (2001) , Matos (2009) , Matos and Matos (1989) and Falkenberg, Santos & Simões (2010) .
Toxicity Assay
The assay was performed according to methodology adapted from Molinas-Salinas and Said-Fernandez, 2006 . Briefly, 250 mg of Artemia salina cysts were incubated in a separating funnel containing 400 ml medium in synthetic sea water prepared by dissolving sea salt (40g.L -1 ) and supplemented with yeast extract (6 mg.L -1 ). For hatching the cysts, the medium was maintained under constant oxygen saturation for a period of thirty-six hours at environmental temperature and natural light.
After hatching, the nauplii were attracted to the light source and were pipetted and transferred to a Petri dish with fresh media. The bioassay was carried out in 96-well polystyrene microplates with the following concentrations: 23,040; 11,520; 5,760; 2,880; 1,440 and 720 µg.mL -1 in acetonic and ethanolic crude extracts; 500; 250; 125; 62.5; 31.25 and 15.62 µg.mL -1 in the essential oil and 2,000; 1,000; 500; 250; 125 and 62.5 µg.mL -1 in the other fractions obtained from crude extracts. The nauplii were distributed on a standardized plate (MOLINAS-SALINAS; SAID-FERNANDEZ, 2006) . Nauplii viability control, and negative and lethality controls using serial dilutions of K 2 Cr 2 O 7 were included in the assays. The results allowed the calculation of the lethal concentration to 50% of the larvae (LC 50 ) by Probit method in the StatPlus 2009 professional program (AnalystSoft). For the classification of the level of toxicity, we used the criteria proposed by Nguta et al. (2011) . The authors categorize strong toxicity LC 50 values up to 100 µg.mL -1 , moderate toxicity LC 50 between 100 and 500 µg.ml -1 and low toxicity LC 50 between 500 and 1,000 µg.mL -1 , and nontoxic above 1,000 µg.mL -1 . In summary, the bacterial cell suspensions were prepared from fresh cultures in Mueller Hinton agar according to the reference protocols. The compounds were diluted in dimethylsulfoxide (DMSO) to achieve five different concentrations used in the assay (2.000, 1.000, 500, 250, 62.5 µg.mL -1 ).
Antimicrobial Activity
The readings of the tests for bacteria were performed after twenty-two hours of incubation at 35° C using clouding of view before adding resazurin, where the increase in turbidity or opacity in the medium indicates the growth of microorganisms (LENNETTE et al., 1985) and after adding resazurin, they were incubated for two more hours.
The reading of the results for MIC determination was considered as positive for the wells that remained blue, and for those that turned an intense pink color (PEREIRA, 2010). The following controls were prepared: statements, feasibility and diluent control.
RESULTS AND DISCUSSION
Phytochemical Analysis
The phytochemical study identified tannins, saponins, flavonoids, antraquinone glycosides, coumarins and terpenes and/or steroids; however, it did not detect alkaloids. As well as P. myrsinites, other species from the Psidium genus presented positive results for the presence of tannins, flavonoids and terpenes (IHA et al., 2008; SCUR et al., 2016; ALVARENDA et al., 2015) .
Essential Oil
The yield of essential oil extraction from P. myrsinites was 1.74%. In the analysis of the essential oil composition it was possible to identify 24 substances. The main compounds were: Ecaryophyllene (31.01%), α-humulene (12.32%) and caryophyllene oxide (7.33%). The most prevalent 1308 Phytochemical study… DURÃES, E. R. B. et al.
constituents of the essential oil were sesquiterpenes (57.87%). According to Medeiros (2014) , which performed an extraction of oil from leaves of P. myrsinites for three hours, the main compounds obtained were very similar to that study, caryophyllene oxide (26.10%), epoxide humulene II (8.80%) and β-caryophyllene (7.40%). (E) -β-caryophyllene (26.05%), α-humulene (23.92%) and caryophyllene oxide (10.09%) were also found in a study by Dias (2015) as main compounds, and the first two compounds were also found in the research carried out by Maia et al. (2010), (E) -β-caryophyllene (28.70%) and α-humulene (19.40%).
Freitas, Morais and Silveira (2002) studied P. myrsinoides Berg O., showing that the oil is very similar to that of P. myrsinites, and β-caryophyllene (22.40%) and caryophyllene oxide (5.40%) are the major compounds. When comparisons are made with the data from the literature on the same species, significant differences are due to the fact that the variables (genetic and environmental) that influence the quantity and essential oil quality are diverse and difficult to control when it comes to individuals in their natural habitat (PAULA et al., 2011 ). 
Toxicity
Antimicrobial activity
Based on the literature data and in accordance with the MIC results (Table 2), the assay showed considerable results against Gram-positive strains. Through visual reading, therefore, it was observed that against Gram-negative bacteria there was no antimicrobial activity at concentrations below 2,000 µg.mL -1 of sample, and the reading in a spectrophotometer was probably compromised by the presence of non-specific binding of resazurin, with pigments and other molecules present in plant extracts, making it infeasible to evaluate the results obtained with the spectrophotometer.
The obtained results were classified according to Holetz et al. (2002) , as: good antimicrobial activity -MIC values up to 100 µg.mL -1 ; moderate antimicrobial activity -MIC between 100 and 500 µg.mL -1 , weak activity -MIC between 500 and 1,000 µg.mL -1 and sample with The results of the antimicrobial activity of MIC analysis of fractions obtained from CEE, hexane, chloroform, intermediate of chloroform and ethyl acetate, and the aqueous fraction obtained with CAE were also made from the visual reading of dishes after two hours of resazurin in the greenhouse at ±35 °C. The activity is also presented in Table 3 with concentrations in µg.mL -1 . The CEE showed a MIC for S. aureus ATCC 29213 of 500 µg.mL -1 ; for S. aureus ATCC 25923 and S. epidermidis ATCC 12228 of 125 µg.mL -1 . According to the classification by Holetz et al (2002) , the obtained results demonstrated that Gram-positive strains were sensitive to CEE with moderate intensity. Similarly, CAE showed antimicrobial activity against Gram-positive strains, and this was more pronounced against S. epidermidis ATCC 12228 and moderate against both Staphylococcus aureus strains. Neither CEE nor CAE showed antimicrobial activity against Gram-negative bacteria. But the essential oil of P. myrsinites presented MIC with values > 2,000 µg.mL
-1 against all bacteria tested, indicating the absence of antimicrobial activity for essential oil.
P. myrsinites was previously reported with three possible chemotypes, popularly known as "araçá encarnado", "araçá preto" and "araçá amarelo", which present essential oils with qualitative and quantitative variations. The compounds identified in the essential oil of the three chemotypes were neryl acetate in "araçá encarnado" and "araçá amarelo" and δ-cadinol in "araçá preto", indicating that these species may have distinct biological activities, as well as morphological differences (PEREIRA, 2010) .
According to Pereira (2010) , the results of the antimicrobial activity by disc diffusion method indicated that only "araçá preto" showed a partially activated antimicrobial activity (inhibition zone between 9 and 12 mm) against two strains of Staphylococcus aureus. As regards Gram-positive bacteria, several studies demonstrate the antibacterial activity of natural products of the species from the Psidium genus, indicating activity against S. aureus, and also against several other strains, among them Staphylococcus epidermidis, Bacillus subtilis, Bacillus cereus, Proteus mirabilis, Streptococcus pyogenes, Streptococcus mutans, Streptococcus salivarius, Streptococcus oralis, Lactobacillus rhamnosus, Salmonella enteritidis (GONÇALVES, ALVES FILHO; MENEZES., 2005; SANCHES et al., 2005; NAIR; CHANDA, 2007; MEDINA et al., 2011; SILVA et al, 2013; BONA et al., 2014; SCUR et al., 2014; JARDIM et al., 2015; ALVARENDA et al., 2015; SILVA et al., 2016) .
In The lethality tests using Artemia salina with the essential oil and the hexane fraction obtained from leaf extracts showed strong and moderate toxicity, respectively, thus encouraging further research with substances isolated from these fractions. Extracts and fractions from P. myrsinites leaves also showed antibacterial activity against Gram-positive strains. Thus, the results indicate that the fractions obtained from crude ethanolic and acetonic extracts may contain compounds with potential use in the treatment of pathologies caused by microbial agents.
This study contributes to the knowledge of the chemical characteristics and biological activities of Psidium species. It also indicates the importance of future studies to elucidate the secondary metabolites responsible for the biological properties of this species, in the search for therapeutic alternatives derived from Brazilian natural products.
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RESUMO:
Psidium myrsinites DC. é uma espécie do bioma Cerrado conhecida como "araçá" comumente utilizada como planta medicinal no tratamento de diarreias e na cicatrização devido as suas propriedades adstringentes. O objetivo deste trabalho foi realizar a triagem fitoquímica com propósito exploratório e a investigação da toxicidade pelo teste de letalidade em Artemia salina e da atividade antimicrobiana contra bactérias Gram-positivas e Gram-negativas pela determinação da concentração mínima inibitória do óleo essencial, dos extratos brutos acetônico e etanólico, além das frações obtidas com solventes orgânicos de polaridade crescente: hexano, clorofórmio, acetato de etila das folhas de Psidium myrsinites DC. O perfil fitoquímico determinou as principais classes de metabólitos secundários presentes como compostos fenólicos (taninos, cumarinas, flavonoides, heterosídeos antraquinônicos e compostos terpênicos. O óleo essencial e a fração hexano demonstraram nível de toxicidade forte e moderado respectivamente, incentivando assim novas pesquisas com substâncias isoladas dos mesmos. Os extratos brutos etanólico e acetônico, e as frações hexano, intermediária de clorofórmio, acetato de etila e fração aquosa do extrato bruto acetônico demonstraram melhor ação inibitória sobre o crescimento bacteriano de bactérias Gram-positivas com concentrações mínimas inibitórias variando entre 62,5 e 250 µg.mL -1 . Contudo, a presença de compostos secundários tais como, taninos, flavonoides e terpenos, provavelmente, está associada ao efeito inibitório sobre os micro-organismos testados, o que poderia justificar o uso medicinal das folhas dessa espécie.
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